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Sp cification 

This application claims priority to German Patent Application DE 10247355.2 filed 
October 10, 2002, the entirety of which is incorporated by reference herein. 

5 

BACKGROUND OF THE INVENTION 

This invention relates to a turbine shroud segment attachment with a casing and 
several shroud segments arranged in the casing. 

The use of shroud segments for sealing the gap at the tip of a rotor blade is known 
10 from the prior art. It is also known that the gap between the tip of the rotor blade and 
the shroud varies with the thermal expansion or contraction of both the rotor blade 
and the casing. An excessively large gap leads to flow losses, while an excessively 
small gap may cause mechanical damage. 

Normally, the individual shroud segments are located loosely on the casing with 
15 appropriate clearance, with the clearance in the axial and circumferential direction 
being dimensioned such that it is irrelevant for the control of the running gap if the 
shroud segments expand under the influence of temperature. This arrangement 
provides that the radial location in the casing and, consequently, the radial gap to the 
rotor blade is largely independent of the temperature of the shroud segments. 

20 Various solutions were proposed for the control of the gap between the tip of the 
rotor blade and the respective shroud segment. Specification US 4,657,479, for 
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example, shows a mechanical solution with an active system in which the relative 
position of the shroud segment to the outer casing is variable. Control is effected by 
a multitude of bolts arranged between the shroud segments. The bolts are rotated by 
means of an actuating mechanism, separating the shroud segments from each 
5 other. This increases the entire circumferential length of the shroud composed of the 
individual shroud segments, resulting in a radial outward movement relative to the 
casing. Thus, the gap to the rotor blade tip is increased. Movement in the opposite 
direction is effected by spring-type elements. 

This mechanism involves considerable complexity and manufacturing costs and is 
10 highly susceptible to malfunction. A further disadvantage is the need for an external 
control system. 

A gap sealing arrangement is known from Specification DE 14 26 857 A1 in which 
the individual shroud segments engage each other on their circumferential sides in a 
labyrinth-type manner. This provides for a relatively large freedom of movement of 
is the shroud segments, allowing the shroud segments to move freely during thermal 
contraction or expansion. 

Specification DE 38 18 882 C2 describes a gas-turbine engine provided with shroud 
segments of chamfered design compensating for thermal contraction or expansion. 

A further design is shown in Specification EP 0 381 895 A1. Here, the shroud is 
20 located with a radial gap allowing it to move radially and expand or contract under 
thermal influence. 



BRIEF SUMMARY OF THE INVENTION 

In a broad aspect, the present invention provides a turbine shroud segment 
attachment which, while being of simple design and function, ensures reliable gap 
control even under extreme operating conditions. 

5 It is a particular object of the present invention to provide a solution to said problems 
by the combination of the features cited in Claim 1, with further objects and 
advantages of the present invention becoming apparent from the subclaims. 

Accordingly, the present invention provides for the individual shroud segments to be 
located in the casing with clearance in the circumferential direction, that the 
10 clearance between the casing and the shroud segments is reduced to zero at a 
given temperature difference, and that the shroud segments are retained on the 
casing by means of an elastically deformable locating arrangement. 

The turbine shroud segment attachment according to the present invention is 
characterized by a variety of merits. 

15 In accordance with the present invention, the shroud segments are arranged such 
that the radial movement of the shroud segments will be in agreement with the 
expansion of the rotor blades, thus enabling the clearance at the rotor blade tips to 
be controlled. 

The present invention is particularly favourable if the temperature differences 
20 between the casing (cold casing) and the rotor (high temperature of the rotor disks) 
are very large. While the location of the shroud segments, owing to the clearance 
provided, will allow them to expand or contract thermally in normal operation, the 



occurrence of a large temperature difference as mentioned above will eliminate the 
clearance defined by the present invention, causing the individual shroud segments 
to clamp to the casing. In the process, the individual shroud segments are clamped 
together to form one ring which, in terms of its degree of expansion and its thermal 
5 expansion characteristics, behaves like a single component. The elastically 
deformable locating arrangement according to the present invention allows for 
further thermal expansion of the now clamped shroud segments, while the initial 
large temperature difference is applied to eliminate the clearance. Thus, the 
clearance will be closed more quickly, avoiding contact of the tips of the rotor blades. 

10 In accordance with the present invention, it can be favourable to provide the 
clearance of the shroud segments in the circumferential direction. In an alternative 
form of the present invention, the clearance can also be provided in the axial 
direction in the locating area of the shroud segments. If clearance in the 
circumferential direction is provided, the individual shroud segments will, by thermal 

15 expansion, close to form a single, continuous ring which, with further thermal 
expansion, will behave like a single component. As regards its radial diametrical 
change, the behavior of such a single, continuous ring of shroud segment elements 
will accordingly depend on the thermal expansion characteristics of the casing. If 
clearance in the axial direction is provided, the individual shroud segments will each 

20 be clamped individually against the casing. In this case, they will again form a unit 
with the casing and, with further heating, expand in agreement with the thermal 
reaction of the casing or contract; the applicable kinematics being achieved by 
suitable design of the flexible locating arrangement. 
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All these features result in an enhanced, fully automatic control of the clearance at 
the tips of the rotor blades. External actuating devices can be fully dispensed with. 

In the case of the variant with axial clamping, the "soft" location of the individual 
shroud segments in accordance with the present invention is preferably 
5 accomplished by essentially T-shaped locating elements. Accordingly, the locating 
elements, in the cross-section, feature sideward arms with defined inclination and 
stiffness by which the shroud segments rest against the casing or are retained on the 
casing, respectively. The elastic deformability of these arms, in combination with an 
appropriate location on the casing, allows the shroud segments to move relative to 
10 the casing and effect the intended radial movement when clamped. 

Therefore, in accordance with the present invention, the clearance provided allows 
the shroud segments to move relatively freely in the cold condition, while they are 
clamped with the casing above a defined temperature difference by the effect of 
thermal expansion. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention is more fully described in the light of the accompanying drawing 
showing preferred embodiments. In the drawings : 

Fig. 1 is a schematic representation of the relationship of a rotor blade and a 

20 shroud segment in the casing of a turbine stage, 
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Fig. 2 is an enlarged detail view of a first embodiment of the present invention 
with an elastically deformable locating arrangement, 

Fig. 3 is a view, analogically to Fig. 2, in a second temperature state, 

Fig. 4 is an axial partial view of a design according to the present invention in 

5 a stationary operating state, 

Fig. 5 is a view, analogically to Fig. 4, in a transient operating state , and 

Fig. 6 is a design form with axial clearance. 



DETAILED DESCRIPTION OF THE INVENTION 

10 The detailed description below should be read in conjunction with the summary of 
the invention above. 

Fig. 1 shows a partial area of a turbine stage with a rotor blade 5 attached to a disk. 
The tip 6 of the rotor blade passes a gap along several shroud segments 2 which 
form a ring, as becomes apparent from Fig. 4, for example. The shroud segments 2 
15 are located on a casing 1 in a manner still to be described. 

Fig. 2 shows one design of locating elements 4 for the retention of the shroud 
segments 2 on the casing 1. In one embodiment, the locating arms 7 are essentially 
elastically deformable. They are held in grooves 9 of the casing 1 by means of 
protrusions 8. This arrangement provides for radially outward movement of the 
20 shroud segments 2. 
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Fig. 4 and 5 present two views of a section normal to the center axis 10 of the gas 
turbine. Here, the individual shroud segments 2 and their elastic locating elements 4, 
in particular, become clearly apparent. Fig. 4 shows a stationary operating state in 
which a clearance 3 in the circumferential direction exists between the individual 
5 shroud segments. The casing 1 has a pre-defined stiffness. The same applies to the 
locating elements 4. Similarly, the shroud segments 2 have a pre-defined strength 
and stiffness. Both the casing 1 and the shroud segments 2 feature a pre-defined 
thermal expansion or contraction behavior, which results in the gap 3 (clearance). 

Fig. 5 shows a transient operating state in which a radial gap 1 1 between the tips 6 
10 of the rotor blades 5 is larger than in the case of the stationary operating state shown 
in Fig. 4, for example. The circumferential spacing of the shroud segments 2 is 
eliminated by their thermal expansion, so that no clearance exists. Accordingly, the 
shroud segments 2 form a firm, continuous ring. Further thermal expansion will result 
in an outward radial movement of this ring, enabled by the elasticity of the locating 
15 elements 4. 

The broken lines indicate the movability of the shroud segments 2 in the radial 
outward direction under further thermal impact. The "soft" location provided by the 
locating elements 4 accordingly allows the shroud segments to move radially 
outwards, thus reacting to the heating of the rotor blades 5 and maintaining the 
20 appropriate tip clearance. 

Figs 2 and 3 show an embodiment for the provision of the clearance 3 according to 
the present invention. Fig. 2 corresponds to the state of Fig. 4. A distance or gap "a" 
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here results between the shroud segments 2 and the casing 1 . A temperature state 
exists to which the following equation applies: 

Tshroud segment ~~ Teasing Tcritical 

Fig. 3 shows an operating state according to Fig. 5. In this case, the shroud 
5 segments 2 abut on each other. A gap "b" here results between the shroud 
segments 2 and the casing 1 which is smaller than the gap "a" shown in Fig. 2. A 
thermal state exists in Fig. 3 which can be expressed as follows: 

Tshroud segment "~ Teasing > A Tcritical 

The present invention accordingly enables the gap between the tips 6 of the rotor 
10 blades 5 and the shroud segments 2 to be automatically controlled in the desired 
manner, without the need for additional, external measures. The present invention is, 
therefore, based on the principle that the shroud segments, as well as the rotor 
blades, expand or contract thermally more or less at the same time and with the 
same expansion rate. The shroud segments are temporarily lifted up in the radial 
15 direction by thermal expansion, thus avoiding contact with the tips 6 of the rotor 
blades 5 (see Fig. 5, for example). This temporary lifting-up of the shroud segments 
2 is effected by appropriate dimensioning of the gap or clearance 3, with this gap or 
clearance closing in a pre-defined thermal situation. 

Accordingly, the width of the clearance 3 varies with the temperature difference 
20 between the shroud segments 2 and the casing 1 or, respectively, the locating ring 
or locating area on which the shroud segments 2 are retained. During the critical 
transient operating state, the shroud segments 2 will then get clamped with each 



-10- 

other in the circumferential direction and form a closed ring whose diameter will 
change with further thermal expansion. 

Fig. 6 shows a modified design in which the protrusions 8 of the shroud segments 2 
are retained in the groove 9 by retainers 13. A clearance in the axial direction is 
5 provided by way of an axial gap 12 between the shroud segment 2 and the casing 1 . 
Heating of the shroud segments 2, after corresponding thermal expansion, will here 
as well produce the clamping effect in the casing 1. That is, once the axial gap 1 1 is 
eliminated by thermal expansion, further thermal expansion of the arms 7 is limited 
by the clamping effect in the axial and radially downward directions, and thus, is 
io directed radially outward. This moves the shroud segments 2 radially outward. 

Obviously, the present invention also provides for further freedom or a further 
clearance 12, for example, in an axial direction, to influence the thermal expansion 
characteristics of the shroud segments in other operating states. Furthermore, the 
individual gaps or clearances can be dimensioned differently in order to realize 

15 different characteristics of the individual components. Accordingly, the gaps may 
also be orientated differently to ensure that the shroud segments are clamped, with 
at least one component existing in the circumferential or in the radial direction. 
Therefore, in accordance with the present invention, at least one of the components 
must be present. This means that the clearance must exist in either the 

20 circumferential direction or the axial direction. Accordingly, the width of a radial gap 
1 1 between the shroud segments 2 and the tips 6 of the rotor blades 5 is set by 1) 
the clearance 3 and/or the elasticity of the locating elements 4 which retain the 
shroud segments 2 on the casing 1 and/or 2) the clearance 12. 



-11 - 

A plurality of modifications may be made to the embodiments here shown without 
departing from the inventive concept. Different aspects of the various embodiments 
can be combined different manners to create new embodiments. 



